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 U R h§PO8lX
f V`   k*WY`­e6¥WNe v WqW:tBk v ]_XW v Vcia  cF] n W n WrYW v emcF]_gblofFk´W v c2eWY` v lZRLk v fFsc2a_WYXWYg8eogbfhg¯a_]_gHWªcF] v WYl X'§ fh] v
¦h` v WQR h§ }B§PO?X'§
«.crYfhg n ]e]dfhg R h§PO8lXrYfhgble]e`bW3`bgWrYfhg n ]e]_fhg²cF`­tia_]dX]eWYlqWY 8`]¤FcFadWYg¢eWc n X]_ll]_a_Wa_f v l B`  WYa_a_W




e]dXW v Vcr U cF B`bW]_gl
emcFg¢e W U!R*W  X´WNek*fh` v efh`­eWNkscF]dllWY` v U!R   @Xadcgbf v XqW  #R _a`#X n Wadclfha_`­e]dfhgc2kbk v f8r U WYW RP  UY  XWYg¡ fhgbrNe]_fhg n W@adcgf v XW  #R _ ` X n WYl n fhgbg£WYWYly]_gb]e]dcFadWYlY n W6XqcFgb] VW v W@]_g n WNk*WYg n cFg8eW n W  WNeyl]
k*fhllm]a_W`bgb] ¡ f v XWyWYg W:§
cdc9egfihjhlk
      $''$  
	






!#"%$'&U$'(WVXCYG4*A,'R&& / 0  3 5  8
[#\^]_ h§PO ` i#6b dc @$'#"+ (
O?X kbk v fYt­]_Xqc2e]_fhgWYg   b8gbfh`bl n ] v fhgbl B`bWjadcrYfhg n ]e]dfhgMR h§PO8lXHWYl
e´`bgbWrYfhg n ]e]_fhgWY 8`b]_¤FcFa_WYg8eW
n¬ f v n v Wiadf v l B`bWoadclfha_`be]_fhg R P  U Y  Xc2kbk v f8r U W3a  fhg n W v WYWYa_a_WQR,P ` UiY ` X Vc   k v VWYlY§C¨  WYl
eVc n ] v Wy B`bWyk*fh` v `bgbWorYW v emcF]dgbW3gbf v XqW!kªfhgºk*WY`­eWNemc2a_] v a  WYl
e]_Xqc2e]dfhgºl`b]¤hcFg8eWVb
 R,P ` U Y ` X d R P  U Y  X  gZR   X k R h§POZO?X
}@X^ Xka:WYXqWYg¢emc2e]_fhg»gB`bX±W v ]_ B`bWWYrYfhgbfhX]_ B`bWb·r  WYl
eWYg¹WNWNeefh`­ea  ]_g8e8W v ¥WNe n WrYWYlrYfhg n ]_e]_fhgbl
WY B`b]¤hcFa_WYg8eWYlY§*« ciX]dlW6WYg`­¤ v W@]dg ¡ f v Xqc2e]_ B`bW n WER h§PO8lX3gbW n fh]eykscFlorYfhg n `] v W6kscFl Vc n WYl
rªcFadrY`ba_lcF`bll]´r U W v lWYg»eWYXklfh`»WYgX±WYXfh] v W n Wl
ef8r FcFhWFH 8`Wa_WirªcFa_rY`a n Wac²lfhad`­e]_fhg
W:tbcFrNeWF§
«  fF^w
WYrNe] ¡ n `r U c2k]_e v W OyWYl
e n Wk v WYlWYg8eW v acorYfhgbl
e v `rNe]_fhg ¡ f v XWYa_a_W n WjrYfhg n ]e]_fhgl6WY 8`b]_¤FcFa_WYg8eW
 B`b]^lmc2e]_l ¡ fhg¢eadWr v ]e VW v Wy?kPOZOQR n WXqcFgb] VW v W ¡ f v XWYa_adW Vcyk v ]_f v ]BWNe n fhg8eadc)w
`l
e]¦rªc2e]_fhg v ]dhfh` v WY`blW ¡ W v c
a  fF^wWNe n* `gbW ¡ `­e` v W´k`­ad]_rªc2e]_fhgiX'§~xygl  ]dg¢eBW v WYllmW v c3WYgblm`b]eW Vcoa  WNe` n W n Wa_WY` v l
emc2]_a_]_e8WF§~«  cFgcFap^lW
gB`bX¹W v ]_ B`bW n WYlgbfh`b¤~WªcF`^tk v fFa VWYXWYl ¡ W v c¯a  fF^w
WNe n `r U c2k]_e v Wº}B£cY¤~WYr¸gbfFemcFXXWYg8eqa  WNe` n W n W
l
emc2]da_]e8W n WYl n ]_W v WYg8ellr U WYXqcFl@ 8`b]"lmW v fhg¢ek v fFk*fhl8WYlY§¬¶fh`blrYfhgbrYad`bfhgblorYWe v cª¤FcF]da"ksc v  B`bWYa_ B`bWYl








 5BA =31 ;>=  7 598   7 =;>= 8
5  =31 4657 ;J598 5 ; 5 ;j 7 5 7 5 4657 A
8 ; 1 2 =i4i=; 5
$y- 
     	CH	*     021 %  %&3'%    
« WrªcFlXfhgbf n ]_XWYgl]_fhgbgbWYaBc²WNe8WWNe` n ]:W n cFgbl  Nl bWNe£cyrYfhgble]e`£WWYg B`bWYa_ B`bWYl"lf v eWYladW£k*fh]_g8e n W
n WNksc v e n WorYWNe
eW©WNe` n WcFl
p^XkbefFe]_ B`bWF§b¶fh`blk v WYlmWYg¢efhgbl]_rY]*`bgbW n WYXc v r U W6a'WY VW v WYXWYg8e n ]_W v WYg8eW
 B`b]orYfhgbl]_leWF n* `bgbW©rYW v emcF]_gbWPXqcFg] VW v WF VcgbWPkscFl²c2kbk v f8r U W v cF` X¥WYXqW®f v n v W©WYg  a_W©r U cFXk
WYa_WYrNe v ]_ B`bWWNeadW²XfhXWYg8eXcFhg£WNe]_ 8`WF§´¶fh`bl3w
`l
e]¦W v fhgl 8`W¸rYWr U fh]t WYl
e¤hcFa_] n Wksc v a  WNe` n W
n Wl
emc2]_ad]e8WF§B¶fh`bl´fFbe]_WYg n v fhgbl£cFadf v l´adcX¥WYXqWrYfhg n ]e]_fhg n* f v n v W O8­XqcF]_l n WYl´rYfhg n ]e]dfhgbl n¬ f v n v W
l`­k´W v ]_WY` v n ]_W v WYg8eWYlY§·¶fh`bl@cFa_a_fhgblk v WYlWYg8eW v ]drY])a_WYl6rªcFa_rY`ba_l ¡ f v XqWYa_lZRLka_`ll]_Xka_WYlo B`bW n cFgbl6a_W
rªcFlj WYgHW v cFa X B`b]*X VWYgbWYg8e VcrYWYlrYfhg n ]e]_fhglY§
¶fh`bll`bkbk*fhlfhgbl n fhgbro B`bWoa_WYl n ]W v WYg¢elr U cFXkljgbW n WNk*WYg n WYg8e 8`W n* `bgbWylWY`badWy¤Fc v ]c2a_W n W
a  WYl
kCcFrYW1 §^« Wj¤^] n Wf8rYrY`bkWa_W n WYX]CWYl
kscFrYW  @WNe´rYfhg¢e]dWYg¢ea_Wl`­kbk*f v e n W/RHP n#UJYMn X'§Badc6rYfh`br U W




	  $W)%^"%+ .  
 cFgblrYW3rªcFlYa  fFk´W v c2eWY` v n ]_W v WYg8e]_WYa v fFe¸l  WYr v ]eefh`­el]_XkadWYXWYg¢e b
v fFefPg F  c Pc 
f V` F n WYl]dhgbW3a_Wo¤~WYrNeWY` v gbf v XqcFa¬`bgb]_emcF] v WQR ?Um=Um@X'§$¨´WNe
eWgfFemc2e]_fhg²lW v crYfhgblW v ¤WYW n cFgblefh`­eW6adc
l`b]_eW n WorYW v c2kbk*f v eY§
cdc9egfihjhlk
HO      $''$  
	
)s',&',&  5Bo25C(4iAe4i2< 3 . 64i;54i8:8,4
«.c n W v ]¤Fc2e]dfhg n WYlorYfhg n ]e]_fhglcF`^ta_]_X]eWYl²WY B`b]¤hcFa_WYg¢eWYl v WNk*fhlW n* c2*f v n l` v `bgr U cFgbhWYXWYg8e
n* WYr U WYa_a_W Vca  ]dg¢eBW v ]_WY` v n Woadc@rYfh`br U W ¡ W vv fhXqcFhg£WNe]_ B`bW3 B`b]CkW v XWNe n* WYgba_WN¤~W v ac n WNk*WYg n cFgbrYW n Wyadc
$WYfhX¹WNe v ]_W n `²k v fFa VWYXqWo¤B]dl µ Vc=µÉ¤B]dl n `²kWNe]_eksc v cFX VWNe v W  §*¨´WYaclW3e v c n `b]ekCc v a_W6r U cFgbhWYXqWYg¢e n W
¤hc v ]dc2a_W b  g   U  RÉ=U  X k
¶fh`blk*fhlfhgbljcFadf v l b
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c P c W   F 
c P c  g d m n 
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2 &­80,-E$380KL=),g&),J696B,-E,-&f6.M j $'EP@,-MG4G<'8F$36B4G<>&±$32)2h<'8B6L@,-,g2x$38MN$ *-<>& T 476B4G<>& Thj <'8 T 80, ¦ :v21=)4G(BKL=),.MN$*-<>=	8BXh,KL=)4MG=)4;*-<'8B80,-(B2c<>& T ,-(B6V2)8W$36B4GKL=),-E[,-&C6%*-<>&)k <>& T =),+$-,-*MN$.*-<>=	8BXh, T ,+MN$D(B<>MN=	6B4G<>& ,FQ)$'*J6B, a2 &V<'X1(B,J8B, T ,E$'&)4ZY,J80,25MN=)(h&),J696B,*-,J696B,_$'EI@,-MG4G<'8W$36B4N<>&\(B=	8Ml$«*-<>=	8BXh,(B=)4G'$'&C6B,KC=54'698W$'*-,M j @,J<>MG=)6B4G<>&6B,-E+2h<'80,-MGMN,V$'=©E *,-E[,?2h<>4G&f6 Tj <'X5(B,J8B>$36B4G<>&h: T =gE[< T =)MG, T ,\MN$ T 47iU@,J80,-&)*-,V,-&C6980,?MN$+(B<>MG=)6B4G<>&g,FQ)$'*J6B,,J6MN$(0<>MG=	6B4G<>&g$32)2580<C*W/n@,-,V2h<>=	8«MG,-( T ,-=AQ.*-<>& T 476B4G<>&)(@,-KL=)47>$'MG,-&C6B,-(
b @,-m>,-& T ,  c R  `c R  















































o?pÐo {+{}ey1|+svu w}S~[z9|czB}e~us +z  0s~e|xsu
bj 4G&f6L@,J8*,J6 T ,-(«*-<>& T 476B4N<>&)([@,-KL=)47>$'MG,-&C6B,-(«& j ,-(96«21$'(«(04GE+25MG,-E,-&f6 T ,e80,J6980<>=	,J8UMl$?(0<>MG=	6B4G<>&.,FQ)$'*J6B,E$'4G(_(B=	806B<>=	6 T ,2h<>=	<>478nMN,kZ$'4780,Y$\E[<>4G& T 80,U*-<*=	6 aAª 80,-&5<>&)(nM j ,FQA,-E+21MG, T ,SMN$%6980<>4N(B4ZY,-E[,e,FQL2#@,J804N,-&)*-,<hY=±M j ,Jix,J6 T ,gMN$*-<>=)*W/),©k ,J8B80<>E$'m>&n@,J6B4GKC=5,©,-(96X54G,-&A4G(B47X1MG, a»b ,-(*-<>=	80Xc,-(*-<'8B80,-(92h<>& T $'&f6OY$ ) 
    (B<>&C6<'X)6B,-&L=)(,-&±=	6B4GMG4G(W$'&f6+=)&2x$'( T , T 4N(B*J8L@,J6B4G(0$36B4G<>&±,-&±,-(921$'*-, 0  Ë>    * j ,-(96Y$ T 4780,21$38\=5& *d$'MG*-=)MSY$  '>g2h<>4G&f6B(]2x$38\MG<>&)m>=),-=)8 Thj <>& T ,	 bj <'XA®9,-*J6B4Nk[@,J60$'476 T ,>$'MG4 T ,J8V(B4NE+25MG,-E[,-&C6]MG,-(*-<>& T 4G6B4G<>&)(\@,-KC=547'$'MN,-&f6B,-(n(0$'&)($d<>478]Y$](B,U2)8L@,-<C*-*-=)2c,J8 T ,-(v,J8B80,-=)80(&C=5EI@,J804GKL=),-( a - <U;<>&)(E$'4N&f6B,-&5$'&C625MG=5(ã8A@,d$'MG4N(96B,#,J6;,-(0(0$ ;<>&)( T ,nkZ$'4780,_MG,#*d$'MG*-=)MLMG,#E[<>4G&5( *W/),J82h<>(B(B47X5MN, a£ª <>=	8vMN$S(B<>MG=	6B4G<>&,FQ)$'*J6B,U<>&(0$'476Thj $d'$'&)*-,eKL= j 4GM)kZ$'=	6n=)6B4GMG4G(B,J8v=5&[21$'( Thj ,-(921$'*-,e4G&)k-@,J804G,-=	8eY$\MN$]60$'4GMNMG, ) T = T <>E$'4G&),kl,J8B8W<>E$'m>&n@,J6B4GKL=), a2 &,-(96 T <>&)*<'X5MG4Nmã@, Thj =	6B4NMG4G(B,J8e=)&), T 4G(B*J8A@,J6B4G(W$36B4G<>&©21MG=)( 5&),KC=),   2h<>4G&f6B(S21$38%MG<>&)m>=5,-=	8 Tj <>& T , a, ,]2)8W<'X5MZY,-E[,%&),%(B,V2c<>(0,]21$'(«MG<'80(BKL= j <>&=	6B4NMG4G(B,]MG,-(«*-<>& T 476B4G<>&)(@,-KL=)47>$'MG,-&f6B,-( a ; 25804G<'804c<>&g,-(96SMG47X)80,T ,+*W/)<>4G(B478?MG,21$'( Thj ,-(B21$'*-,[KL= j <>&D®B=)m>,[&_@,-*-,-(B(0$'4G80,+2h<>=	8VMN$*-<>&C,J80m>,-&)*-, T ,[MN$.(0<>MG=	6B4G<>& T 4N(B*J8-Y,J6B, a













η =  2% × λ 
Onde réfléchie
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